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SUMMARY 

An  analysis  was  undertaken  to  determine  cha  aerodynamic  characteristics 
of  a  Profile  Fighter  Tow  Target  having  as  a  proposed  configuration  that  of 
a  target  which  has  been  produced  in  limited  quantity  and  flight  evaluated  by 
the  Rsvy.  Included  in  the  analysis  were  derivations  of  lift  curve  slope, 
pitching  want  curve  slope  (center  of  pressure),  side  force,  yawing  ament, 
and  rolling  moment  coefficient  variation  with  sideslip  angle,  and  drag 
coefficient.  The  effect  of  nodlfying  the  proposed  configuration  to  reduce 
the  drag  was  also  Investigated.  The  results  are  valid  at  subsonic  Mach 
numbers,  and  provide  aerodynamic  data  which  can  be  used  to  determine  towline 
tension  and  tawline  egress  angle  at  the  target  for  any  subsonic  flight 
condition* 
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INTRODUCTION 

The  Profile  Fighter  Target  la  Included  as  part  of  the  proposed  Navy 
Standard  Tow  Target  System  In  order  to  provide  a  gunnery  target  that  Is  both 
site  aad  performance  representative  of  potential  threat  vehicles.  According 
to  reference  (a) ,  a  target  currently  being  produced  under  the  trade  name 
"7 I GAT"  (Fiberglass  Aerial  Target)  can  fulfill  the  requirements  for  the 
Profile  Fighter  Target.  The  "FIGAT"  Is  30  feet  long,  8  feet  high,  has  a 
9  foot  wingspan  and  weighs  approximately  500  pounds.  It  Is  described  in 
reference  (b).  A  drawing  Is  shown  In  figure  1. 

Under  authority  of  reference  (c) ,  an  analysis  was  undertaken  to  determine 
the  aerodynamic  characteristics.  Including  aerodynamic  derivatives,  centers  of 
pressure,  and  drag  for  the  Profile  Fighter  Target,  as  bssed  on  the  "FT GAT" 
configuration.  The  effect  of  a  modification  which  would  reduce*  the  drag  was 
Investigated  also. 


AERODYNAMIC  ANALYSIS 


The  results  of  the  analysis  presented  below  are  applicable  at  subsonic 
Mach  numbers  (up  to  approximately  Mach  0.98).  The  aerodynamic  coefficients 
are  all  based  on  a  wing  reference  area  of  99  ft*  with  the  target  length  of 
30  feet  the  reference  length  for  the  moment  coefficients.  The  results  are 
summer .sad  In  Table  I. 


The  force  and  moment  coefficients  normal  to  the  two  wing  panels,  which  have 
a  -30  degrees  dihedral,  and  the  vertical  panel  of  the  target  were  calculated 
as  follows  using  slender  thin  wing  theory.  For  each  panel,  the  normal  force 
coefficient, C  ' ,  Is  determined  from  the  equation 


o' 


where  b  Is  the  span  of  each  panel  (measured  from  centerline  of  target),  S  Is 
the  reference  area,  and  «*  Is  the  angle  of  attack  relative  to  the  respective 
panel  (In  radians).  The  moment  coefficient  corresponding  to  the  moment  about 
the  nose  normal  to  each  panel,  C  ' ,  Is  letermlned  from  the  equation 

Cm'  x  [*>(*)]  [b'(x)]  dx 

where  L  la  the  target  length.  The  center  of  pressure  of  each  panel,  located 
as  a  fraction  of  the  total  target  length,  is  obtained  by  dividing  the  calculated 
moment  coefficient  by  the  calculated  normal  force  coefficient.  That  Is, 

x 

X  " 

Canters  of  pressure  calculated  by  this  method  were  found  to  agree  with  those 
calculated  using  charts  in  reference  (d).  Because  slender  thin  wing  theory 
assumes  an  aspect  ratio  approaching  sero,  however,  normal  force  coefficients 
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calculated  by  this  method  will  be  slightly  large  for  e  configuration  with  a 
finite  aspect  ratio.  In  this  case  the  difference  is  small;  nevertheless,  the 
calculated  no real  force  curve  slopes  (&C  */&»')  were  reduced  by  three  percent 
in  order  to  agree  with  estimates  made  using  the  following  equation  from 
approximate  lifting  surface  theory  at  a  Mach  number  of  0.7.  (At  the  Mach 
numbers  of  0.5  and  0 .9,  there  is  a  variation  from  this  of  approximately 
±1%  percent,  which  is  considered  negligible^) 


w 


2  tt  A 


k  /T3P  +  2 

+  2  -J 

In  this  equation  M  is  the  Mach  number  and  A  is  the  aspect  ratio  of  an  equivalent 
wing  with  a  semispan  equal  to  the  panel  span  and  an  area  equal  to  twice  the 
panel  area.  The  moment  curve  slopes  (3C  '/do')  were  recalculated  by  multiplying 

m 


the  respective  adjusted  normal  force  curve  slope  by  the  distance  to  the  centra 
of  pressure  (normalised  as  a  fraction  of  the  target  reference  length). 


Lift  due  to  angle  of  attack  (lift  curve  slope,  C?^)  cones  from  the  vertical 
component  of  the  force  on  the  two  wing  panels.  Since 


cr'  •»  a  cos  f 


where  or  Is  the  angle  of  attack  and  T  is  the  wing  dihedral  angle  of  -30  degrees, 
and 


■  2(C^'  cos  r> 

(for  the  two  wing  panels)  where  is  the  lift  coefficient,  therefore 
CL  -  2(0.97  tt  —■  of)  cos2  T 


Then 


b2 

<1*  -  4-57  T 


-  (4.57) 


ihll 

99 


2 


•  1.20/radian 


The  center  of  pressure  of  the  wing  panels,  which  is  also  the  longitudinal 
center  of  pressure,  was  found  to  be  located  18.4  feet  aft  of  the  nose.  This 
is  3.5  feet  behind  the  tow  point,  which  is  located  at  F.S.  (fuselage  station) 
179,  and  2<75  feet  aft  of  the  center  of  gravity  (F.S.  188).  The  pitching 
moment  curve  slope  about  the  center  of  gravity  (Ci^) .  was  calculated  as 
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•  1.20 

•  -0.no/radlaa 

This  la  a  stable  sonant  (Increasing  nose  down  pitching  sossnt  with  Increasing 
angle  of  attack). 

Side  force  do*  to  sideslip  angle  (Cy^)  coses  fros  the  force  on  the  vertical 

panel  and  the  sideways  c opponent  of  force  on  the  wing  panels.  For  the  vertical 
panel, 

<cVv  "  "C^”)v 

-  -0.97  tt 

-  -0.80 /red lan 

For  the  two  wing  panels,  since 
w'  -  0  sin  r 

where  0  is  the  sideslip  angle, 

(cYp)w  "  ”2  (^§lr>  8in2  r 

«  -0.40/radian 


Added  together, 

CYg  -  <cY6)v  +  <cYg)w 
•  -0.80  -0.40 


-  -1.20/radian 

(Side  force  is  positive  to  the  right.) 

The  center  of  pressure  of  the  vertical  panel  was  calculated  to  be  19,8 
feet  aft  of  the  nose,  and  therefore  4.15  feet  aft  of  the  center  of  gravity. 
The  slope  of  the  curve  of  yawing  sonant  coefficient  (about  the  center  of 
gravity)  versus  sideslip  angle  (C„^)  is  thus  calculated  as 

CB0  "  [C*8  ($Jv  +  LCyp 

-  -0.80  -0.40 

-  0.111  +  0.037 

-  0.148 /radian 
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This  is  also  s  st*ble  no— at  (Increasing  nose  right  yawing  — nt  with 
Increasing  sideslip  angle).  The  net  directional  center  of  pressure,  with 
respect  te  the  center  of  gravity,  was  calculated  as  follows; 

«.  S 

1  cip 


B  (3()\ 

^Oo  'J0) 

-  -3.7  ft 


This  is  19.33  feet  aft  of  the  nose. 


The  rolling  — nt  about  the  target  centerline  produced  by  sideslip  angle 
(Gtg)  was  calculated  as 


c<u  *  «V.  +  <°tp>v 

-  <i)]v  -2  r  f 


where  y  is  the  distance  to  the  spanwise  center  of  pressure,  — asured  f row  the 
target  centerline,  for  each  panel.  Since 


y  ~  y 

Jv  7w 


The  drag  of  the  target  consists  c£  zero-lift  drag  plus  Induced  drag. 
However,  unless  the  target  is  seriously  wlsbalanced,  the  angle  of  attack 
will  practically  always  be  so  low  that  the  Induced  drag  coefficient,  calculated 
as  follows,  will  be  negligible.  Using  an  expression  valid  for  low  aspect 
ratio  wings, 

%  -  <^r>  <^> 

-  (1.20  o)  (§) 

-  0,6  (a  in  radians) 
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Considering  only  sero-lift  drag,  then,  the  total  drag  of  the  target  la  made  up 
of  akin  friction  drag,  baae  drag,  and  nlacellaneooa  drag  from  the  varloua 
proturberanees ,  akida,  etc.  Inc lading  any  Interference  drag. 

Skin  friction  drag  was  calculated  according  to  the  act hod  of  reference  (d), 
using  an  equation  and  charta  froa  that  reference.  Six  different  eectiona  of 
the  vlng  and  vertical  panela  (with  different  lengtha)  were  conaldered 
separately.  For  each  section,  the  Reynolds  nuaber  was  calculated  corresponding 
to  an  average  flight  condition  of  Mach  0.7  at  20,000  feet.  This  was  coapared 
to  the  "cutoff"  Reynolds  nuaber,  which  is  a  function  of  the  relative  surface 
roughness  height.  For  an  estiaated  surface  roughness  height  of  0.4  X  10*3 
inches  (saas  as  ordinary  paint) ,  the  "cutoff"  Reynolds  rusaber  is  just  slightly 
less  than  the  calculated  Reynolds  nuaber.  The  friction  coefficient  for  each 
section  is  deteralned  as  a  function  of  Mach  nuaber  and  Reynolds  nuaber,  using 
the  lesser  of  either  the  calculated  Reynolds  nunber  or  the  "cutoff"  Reynolds 
nuaber,  the  latter  of  which  was  used  in  this  case.  The  resultant  total  skin 
friction  drag  coefficient  was  calculated  as 

Cut  •  5  S  [ct  0  +  2  £>  wl 

-  0.0104 

where  Cf  is  the  friction  coefficient,  -  is  the  thickness  to  chord  ratio,  and 

C  £ 

S  is  the  wetted  area  of  each  section.  The  term  2  -  accounts  for  the  Increase 
wet  c 

in  dynaalc  pressure  over  the  surface  du*  to  thickness. 

Base  drag,  arising  from  the  four  inch  thich  blunt  trailing  edges  of  the 
panels,  was  calculated  according  to  reference  (e).  The  two-dimensional  base 
drag  coefficient,  based  on  base  area,  is  determined  from  the  equation 

CDh  -  0.14/VC^ 

where  is  the  forebody  drag  coefficient  -  that  is,  drag  originating  on 

the  surface  ahead  of  the  base  -  also  based  on  base  area.  This  equation  was 
applied  to  each  of  the  panel  sections  discussed  above  and  its  base.  The  total 
base  drag  coefficient,  based  on  the  wing  reference  area,  was  found  to  be 

-  0.0132 

Mlscellsneous  drag  from  the  various  proturberanees,  skids,  etc.  was 
estimated  to  provide  an  additional  increment  in  drag  coeff4  'lent  of 

Cjj^  -  0.013 

of  which  approximately  0.Q10  comes  from  the  forward  skid  assembly.  The  totel 
target  drag  coefficient  is 
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CD  "  CDf  +  %  +  Cnb 

-  0.0104  -I-  0.0132  +  0.013 

-  0.037 

This  valos  is  relatively  unaffected  by  Reynolds  number.  For  example,  at  a 
lower  Reynolds  maber  corresponding  to  approximately  Mach  0.S  at  40,000  feet 
(alao  corresponding  to  the  "cutoff**  Reynolds  maber  for  a  surface  roughness 
height  of  1,0  X  10~3  inches),  the  target  drag  coefficient  would  Increase  by 
only  0.001. 

It  can  be  noted  that  a  significant  portion  of  the  total  drag  is  wade  up 
of  base  drag.  By  tapering  the  trailing  edges  of  the  wing  and  vertical  panels 
to  a  point  or  otherwise  reducing  of  eliminating  the  blunt  bases,  this  drag 
could  be  reduced.  As  an  example,  if  the  final  foot  of  each  panel  were  to  be 
tapered  smoothly  to  a  point,  a  decrease  in  the  target  drag  coefficient  of 
approximately  0.012  (301)  could  be  expected.  (This  would  also  effect  a  change 
in  trim  angle  of  attack  of  about  0.2  degrees,  which  is  not  considered  significant.) 


CONCLUSIONS 

An  analysis  has  been  made  to  determine  aerodynamic  derivatives,  centers  of 
pressure,  and  drag  coefficient  for  a  proposed  Navy  Profile  Fighter  Tow  Target 
configuration.  The  results,  which  are  valid  at  subsonic  Mach  numbers,  show 
that  the  target  is  statically  stable,  as  expected.  In  addition,  they  provide 
the  aerodynamic  data  necessary  to  determine  towline  tension  and  towline 
egress  angle  at  the  target  for  any  subsonic  flight  condition. 

It  hat  also  been  determined  that  a  significant  reduction  in  target  drag 
(as  much  as  30  percent)  could  be  accomplished  by  tapering  the  trailing  edges 
of  the  wings  and  vertical  panel  so  as  to  eliminate,  or  at  least  reduce  the 
size  of,  the  blunt  base. 
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TABLE  I 

SttMLET  Of  AERODYNAMIC  DkRIVATIVE8  AHD  CQCTFICgWTS 
FOR  PROFILE  FIGHTER  TOW  TARGET 


% « 

1.20/rad 

-0.110/rad 

Cyg  : 

-1.20/rad 

: 

0.146/rad 

Ctp  : 

-  0 

CD  ; 

0.037 

Motes: 

1.  Derivatives  and  coefficients  arc  defined  in  text  and  in  liat 

2.  All  coefficients  based  on  an  area  of  99  ft  . 

3.  Moment  coefficients  are  based  on  target  length  of  30  ft;  aoai 
center  of  gravity  located  15.65  feet  back  of  nose. 

4.  Surface  roughness  height  assueed  as  0.4  X  10" 3  Inches. 


of  synbols. 
mts  are  about 
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